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I. INTRODUCTION3 

Virtually every human activity today relate to 

electrical energy. The electricity production 

process is long and complex process to electrical 

energy can be used by users. Modern electrical 

system consists of a lot of equipment of different 

dynamic and a load to be continuously susceptible 

to the influence of internal and external 

interference. Under conditions of the influence of 

the disorder, it often happen oscillation in each 

section or cross section of the power system is 

interconnected. 

An electromechanical oscillation in power 

systems is very challenging problem electrical 

engineers for many years. For this reason, the 

application controller that provides better damping 

for this oscillation is very important [10]. With  

                                                           
 

 

increasing distance transmission line charge, the 

implementation of power system stabilizer (PSS) 

may in some cases, do not provide enough 

damping to power swing in the area of inter-multi-

machine system. The stability of the power system 

is one of the most important aspects in the 

operation of the power system. This arises from the 

fact that the power system must maintain the level 

of frequency and voltage at the desired level, in any 

disturbance, such as a sudden increase in load, the 

loss of a generator or switch out of the transmission 

line during disturbances. [4] 

The issue of the stability of the power system has 

become a very important issue to ensure a steady 

flow of electric power to customers. Models of 

electric power systems were very complicated to 

make are not easy to solve this problem. The 

problem will be compounded stability for large-

scale electric power systems. Therefore, it is 
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Abstract - Modern electric power system that many its dynamic equipment continuously vulnerable to internal 

and external disturbances. On the condition of the disorder, it often happen oscillation in each part or between 

parts of the electrical system is interconnected. These oscillations become a major problem for the stability of 

the power system. Modern electrical control systems require a sustainable balance between power generation 

and demand varying loads. Power System Stabilizer and Static Var Compensator is a control device that is used 

to dampen low frequency oscillations and to provide additional feedback signal to stabilize the system. To 

increase the damping, system equipped with PSS generator that provides additional feedback to stabilize the 

signal in the excitation system. It is generally that the machine parameters changed by the load, so the dynamic 

behavior of the different machines at different operating conditions.  

 

Design PIDPSS3B power system stabilizer and PIDSVC controller used aim to get performance and optimum 

damping. Design and optimization of the proposed has the ability to optimally dampen and suppress errors are 

minimal. 

 
 

Index Terms— Power system stabilizer, static var compensator, PID,   
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important determining stabilization strategies that 

ensures stable system for the changes and ensure 

optimization of power system performance with 

the change.  

II. METHOD 

a. Power System Stabilizer (PSS) 

The operational function of the PSS is to 

produce the proper torque on the rotor of the 

machine that are related such that the phase lag 

between the input exciter and electric engine 

torque compensated. The basic function of the PSS 

is to expand the limits of stability with modulation 

generator excitation to provide positive damping 

torque for power swing mode. PSS generate 

additional signals, which are added to control loop 

generating unit to produce positive damping. 

Additional stabilized signal is considered to be one 

of the speeds are comparable. The transfers 

function of i-th PSS given by [4]: 

𝑈𝑖 =

 𝐾𝑖  
𝑠𝑇𝑤

1+𝑠𝑇𝑤
 [

(1+𝑠𝑇1𝑖)(1+𝑠𝑇3𝑖)

(1+𝑠𝑇2𝑖)(1+𝑠𝑇4𝑖)
] ∆𝜔𝑖(𝑠)

With ωi is velocity deviation from 

synchronous speed. The output signal Ui to the 

regulator of the excitation system. Filter washout, 

is essentially a high pass filter, which is used to 

reset the steady state offset in the output of this 

PSS. Tw time constant value is usually not critical 

and can range from 0.5 to 20 s. PSS transfer 

function tuned to provide a phase-lead 

characteristics appropriate to compensate for the 

phase-lag between the reference input vS 

automatic voltage regulator and electrical torque 

oscillation frequency range beyond . Thus, the 

electric torque components in phase with the 

variation speed to improve damping. Block 

diagram of the model PSS [8]: 
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Fig. 1. Block Diagram PSS 

b. Proportional Integral Derivative (PID) Based 

Power System Stabilizer 

PID controller algorithm is the most popular 

approach for industrial process control. Because 

the PID controller has a simple structure and 

durability in a wide range of operating conditions, 

PID control scheme is widely used in most process 

control systems. The transfers function of the PID 

controller whose expression is [11] [12]: 

𝐺𝑐𝑖(𝑠) =  𝑘𝑝𝑖 +  
𝑘𝑖𝑖

𝑠
+ 𝑘𝑑𝑖𝑠  

 

(2) 

Where kp, ki, and kd respectively, the constant 

gain is proportional, integral and derivative. A 

block diagram of a PID-based power system 

stabilizer is shown in Figure 2 [3].  
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Fig. 2. PID-based power system stabilizer. 

  

For PIDPSS block diagram is shown in Figure 3 

as follows [1] [5]: 
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Fig. 3. Block Diagram PIDPSS 

c. PIDPSS3B 

Additional excitation control, often referred to 

as PSS has become an important means to improve 

the low frequency oscillation damping. PSS 

PSS3B models have dual input consisting of 

electric power and frequency deviation angle rotor. 
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In particular, this model can be used to represent 

two different types of dual-input implementation 

stabilizer as described as follows: [6] 

• The stabilizer, the oscillation frequency range of 

the system, acting as a stabilizer electrical input 

power. It uses the speed or frequency of the input 

signal to generate mechanical power equivalent, 

to make the total signal is not sensitive to 

changes in engine power. 

• Stabilizer that uses a combination of speed (or 

frequency) and power. These systems typically 

use speed directly (i.e. without the phase-lead 

compensation) and adding a signal proportional 

to the electrical power to achieve the signal form 

desired stabilized. 

Signals similar engine power is obtained using a 

signal. This signal is combined with electric power 

to generate electricity acceleration. Transducer 

time constant represented by the time constant T1 

and T2. Washout time constant, rotor angular 

velocity, and engine power that comes each time 

constants represented by TW1 to TW3 [6]. 

Development is done with an embedded PID 

before a block diagram of a washout on the model 

of the power system. PIDPSS3B is the 

development of power system stabilizer PSS3B. 
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Fig. 4. PSS type PSS3B with added PID 

d. Static Var Compensator (SVC) 

SVC has a function to inject or absorb reactive 

power static control and that have a parallel 

connected output (output) is varied to maintain or 

control certain variables of the power system, 

especially bus voltage. SVC consists of TCR 

(Thyristor-Controlled Reactor), TCS (Thyristor 

Switched Capacitor) and filter. Filter function for 

handling high harmonics generated by TCR. SVC 

equipment is used to compensate for reactive 

power [2]. 

The working principle of SVC is by regulating 

the reactive power output of the SVC. Value 

system is an input voltage (input) for the controller, 

which then will adjust the firing angle thyristor. 

Thus SVC will provide reactive power 

compensation in accordance with the needs of the 

system. 

 
 

Fig. 5. System of SVC 

e. PID Static Var Compensator (PIDSVC) 

Static Var Compensator (SVC) is connected to 

the generator exciter with Proportional-Integral-

Derivative (PID). Based on the speed deviation 

△ω, PIDSVC regulate the flow generator so that 

the damping torque required can be channeled and 

damping out the oscillations.  
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Fig. 6. Block Diagram PIDSVC 

f. Model Multi Machine Overall 

Generators connected in interconnection is 

assumed to consist of multiple machines 

(coupling) in each of the generating units which 

have the power and the machine generator unit do 

not affect each other machine in the unit of the 

power plant. The machines in the plant will react 

together simultaneously to overcome the impact of 

the swing of the other generating units. Linear 

system model based on multi-machine modeling 

Park assuming the resistors are ignored, the 

condition is considered balanced system, the core 

saturation generator ignored, and the load is 

considered as a static load. [7] 
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Fig. 7. Model Diagram linear multi machine 

 

Figure 8 shows a flowchart for calculating the 

damping on PSS design based PID tuning starting 

power flow analysis, determination of the 

parameters of the system, electrical power system 

modeling and subsequent multi machine PSS 

tuning parameters and excitation system. 
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Fig. 8. A flow diagram for a multi machine 

 

Based on the performance index J optimization 

(minimization) problem can be expressed as: 

Performance Index (PI) = min (J) 

Subject to: 

𝐾𝑝
𝑚𝑖𝑛  ≤  𝐾𝑝  ≤  𝐾𝑝

𝑚𝑎𝑥 

𝐾𝑖
𝑚𝑖𝑛  ≤  𝐾𝑖  ≤  𝐾𝑖

𝑚𝑎𝑥 

𝐾𝑑
𝑚𝑖𝑛  ≤  𝐾𝑑  ≤  𝐾𝑑

𝑚𝑎𝑥 

𝐾𝐴
𝑚𝑖𝑛  ≤  𝐾𝐴  ≤  𝐾𝐴

𝑚𝑎𝑥 

III. RESULTS AND DISCUSSION 

Electric power system data used includes two 

new plants with combined long complement the 

six plants are plants hydroelectric power plant 

Muara tawar and power plant Gas and steam Grati. 

The eighth generation is interconnected via a 

transmission line of 500 KV. Data of Java-Bali 

power system of 500 kV  to be used is the data 

obtained from PT. PLN Transmission and Dividers 

Center Expenses (P3B) per consisting of 25 buses 

(with 1 piece of slack bus, bus generator 7 pieces 

and 17 pieces bus load), 30 lines, and 8 plants. In 

this section, the simulation is done using 

MATLAB. Modeling Java-Bali interconnection 

used in this paper consists of a single synchronous 

generator with PSS3B and gain AVR. Single line 

diagram of the Java-Bali power system 500 kV is 

shown in Figure 9. 
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Fig. 9. Single line diagram Java-Bali interconnection system 

500 KV 
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TABLE 1 
VALUE OPTIMIZATION FOR CONSTANTS KP, KI, KD 

 

PIDPSS3B G1 G2 G3 G4 

Kp 0.7512 0.7512 0.7512 0.7512 

Ki 0.1211 0.1211 0.1211 0.1211 

Kd 0.2508 0.2508 0.2508 0.2508 

 

PIDPSS3B G5 G6 G7 G8 

Kp 0.7512 0.7512 0.7512 0.7512 

Ki 0.1211 0.1211 0.1211 0.1211 

Kd 0.2508 0.2508 0.2508 0.2508 

 

In Table 1 show the PID PSS3B parameters that 

have been optimized. 

 

 

 

 

 

 

 

 
Fig. 10. Performance rotor angular deviation (pu) in the Java-

Bali interconnection generator for each plant. 

 

From Figure 10 showed that PIDPSS with 

PIDSVC reach steady state more rapidly than 

others. PIDPSS with PIDSVC showed better 

stability, which means that it has a better ability 

compared with other methods of damping. 
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Fig. 11. Performance angular deviation in the frequency of 

generating the Java-Bali interconnection for each plant. 

 

Comparison of the performance of the angular 

deviation frequency is shown in Figure 11. From 

the graph shows that performance by using 

PIDPSS3B with PIDSVC better than others. 

 
TABLE 2 

PERFORMANCE INDEX 

 

Performance Index 

Method ITAE 

No Control 460.9866 

CPSS+SVC 108.1126 

PIDPSS+SVC 93.8374 

PIDPSS3B+PIDSVC 66.5966 
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From Table 2 above, the results obtained indicate 

that the Java-Bali system multi machine 500 KV 

with PIDPSS3B and PIDSVC controller proposed 

has better ability than the other to minimize errors. 

IV. CONCLUSION 

In this paper, optimization of power system 

stabilizer (PIDPSS3B) with PIDSVC proposed 

could improve the dynamic stability. With a 

performance index obtained at 66.5966. The 

proposed design has the capability to optimally 

dampen and suppress errors are minimal.  
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